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Observations on the Amount of Dissolved Oxygen in

Water required by young Salmonidse. By D. Noel

Paton, M.D., F.E.C.P.E. (From the Laboratory of the Royal

College of Physicians of Edinburgh.)

(Finally adjusted for publication March 31, 1902.)

That the absence of dissolved oxygen from water is fatal to fish

is well shown by an observation of Wilh. Thb'rner (Forschungs-

beriehte uber Lebemmittel, 1897, 4, 172), on the condition of the

water of the Hase at Osnabriick, where a great destruction of fish

had occurred. Besides a complete absence of free oxygen in the

water, nothing hurtful to fish could be detected.

So far, no very satisfactory experiments have been recorded on

the extent to which the dissolved oxygen in water must be

diminished in order that it may act prejudicially on such active

fish as the migratory salmonidse.

Kdnig (Die Verunreinigung tier Gewasser, Bd. ii. p. 37, 1879)

records some experiments, conducted by himself, in which fish—

the kind of fish is not specified—were kept in water with 2-95

and with 1*38 ccm. of oxygen per litre without being harmed.

F. Hoppe-Seyler and Duncan (Ztsch.f. phys. chem., Bd. 17, p.

165, 1893) showed that trout kept for from ] | to 1\ hours in

water with from "98 to 1*710 cc. of oxygen per litre all showed

marked symptoms of dyspnoea. Unfortunately these experiments

were not continued for a longer period, and the observations on the

influence of water containing greater and lesser quantities of oxygen

were made upon tench, and the results cannot be applied to

salmonoids.

The present observations were made in connection with an

investigation of the influence of estuarial pollution—and more

especially the pollution of the Tyne Estuary—on salmon.

Apparatus.—A "Wolfi's bottle with three necks, holding 6000

ccm., was fitted with three rubber stoppers. Through one a long

thick tube projected downwards to near the bottom of the jar, and
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was closed above with a piece of rubber tubing firmly clamped.

The opposite stopper was bored for a small glass tube passing to

within an inch of the bottom, and closed above by a piece of rubber

tubing securely clamped, and served for the removal of samples of

the water. This stopper also carried a thermometer. The central

stopper was fitted with a short piece of tubing connected with a

cylinder of nitrogen.

Procedure^—The bottle was completely filled with nearly boiling

water from the tap, the stoppers were securely put in, and the

water was driven out of the first opening by a stream of nitrogen

through the central tube till about 2500 cc. were left. This was

allowed to stand all night, and next morning the oxygen generally

amounted to 3 cc. per litre.

In this, rainbow trout of about nine months old, weighing from

1'5 to 5 grms., were introduced. For these I am indebted to Mr

Armistead, of the Solway Fishery Company. Water for analyses

was taken by connecting a 50 cc. pipette with the small rubber

tube in the small glass tube, and forcing up the water by allowing

nitrogen to pass from the cylinder into the bottle.

A control observation was generally made by keeping fish in a

flask of tap water

For the determination of the dissolved oxygen Professor

Ramsay's method was used (Journal of the Society of Chemical

Industry, 30th Nov. 1901). The method is a rough one, but it was

found to be sufficiently accurate for the present inquiry in the

hands of one accustomed to use it. The standards had been

checked at University College, London, just before this series of

observations were made.

Experiments.

Experiment I.—A mixture of a number of samples of water sent

from the Tyne Estuary was made, and divided into two equal

parts. One was left standing for two days without agitation, and

the other was frequently shaken with air. On the second day

the former contained no oxygen detectable by Ramsay's method;

the latter, immediately after agitation, 4 cc. per litre (on standing

for a few hours this fell markedly).

Tap water was boiled vigorously, and as it cooled, siphoned
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into the large Wolff's bottle filled with nitrogen, which contained
only small traces of oxygen, and kept for two days, when the
water contained 2 cc. oxygen per litre.

On the second day a young rainbow trout was placed in each
of these vessels.

A. placed in Tyne water (400 cc.) oxygenated at 4.56 p.m.
B. „ „ (550 cc.) not „ at 4.59 „
C. ,, water (2000 cc.) under nitrogen at 5.3 ,,

The fish in B. died at 8.45 (in 4 hours), that in C. died during
the night, while that in A. was alive and well next morning. The
water then contained 2 cc. oxygen per litre.

This observation seems to show that there was not any chemi-
cal substance prejudicial to fish life in the water of the Tyne
Estuary at a time when many salmon were being found dead in it.

Experiment II.—1200 cc. water were put in the Wolffs bottle
as already described. At 10 a.m. next day the water contained
3 cc. oxygen per litre. At 10.30 a trout of 4-5 grm. was in-
troduced. It died at 6.30 p.m.—after eight hours.

At 10 a.m. next day the oxygen was 0 cc. per litre.
At 10.40 another fish of 4'5 grm. was put into the bottle, and at

1.25 it was lying on its side gasping. It was taken out and
placed in tap water, where it recovered.

Experiment III.—A. 2000 cc. of water were placed in the
Wolffs bottle, and B. 1600 cc. in a large flask. At 10.30 a.m.
next day the water in—

A. contained 3 cc. oxygen per litre. T. 14° C.
o. ,, b cc. ,, ,, ,,

Three small trout, weighing 2 grm., 3'7 grm., and l-5 grm.,
were placed in the bottle, and three, weighing 3 grm., 1*5 grm.,
and about 3-5 grm., were put in the flask, at 10.30 a.m.

At 2.45 the small trout in A. was dead. (4 hours.)
At 5.10 both remaining fish were sluggish.

Oxygen = 2 cc. T. 14° C.

At 6.10 the second small fish died. (7 hours.)
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The remaining fish was living next day. (24 hours.)

Oxygon =1 cc. per litre. T. 13° C.

After 48 hours it was still alive. Oxygen = 1 cc. per litre. T.
11° C.

The fish in the flask seemed perfectly well after 48 hours.

Oxygen = 4 cc. per litre. T. 13" C.

At 10.20 on the third day two small fish from the flask were
placed in A. One died at 10.30, and at 10.45 the last fish from
the flask was placed in the bottle. It was lying on its side gasping
at 11.25, and though placed in oxygenated water at 12 it died.
(75 minutes.) The other was removed.

The water in the bottle was shaken up with air at 12.30, when
there was 4 cc. oxygen per litre. At 1 p.m. two fish of 3 grm.
and 1*5 grm. were put in the water. At 11.45 p.m. both were
living, but at 10 a.m., after 22 hours, they were both dead, and the
water contained 0 cc. oxygen per litie.

Experiment IV.—The Wolff's bottle A. was filled to 2400 cc.
and a flask B. was filled with 2800 cc. water. The water from the
bottle used in the last experiment was filtered, and after the
amount of oxygen had been found to be 2 cc. per litre it was
divided into two portions of 700 cc, of which C1 was left un-
oxygenated, and C2 was shaken with air, and a fish placed in each
at 12.40. At 10.30 next morning, T. 13° C—

A. contained 3 cc. oxygen per litre.
B. „ 6 „ „
C ,, 2 ,, ,, „

At 12.40—

Three fish were placed in A.
Two fish „ „ B.

A. On the morning of next day the two smaller fish were
dead. Oxygen = 1 cc. per. litre. T. 14° C.

The remaining fish was quite well on the following day at
12.55, when the water contained 1 cc. oxygen per litre. After
72 hours it was put in oxygenated water and was very lively.
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On the same day at 11 a.m. a fish from the flask B. was put
in the bottle and died in 40 minutes.

At 11.45 three small fish were put in the bottle, and at 12.30
two were dead and the last died at 12.55. (Oxygen =1 cc. per
litre.)

B. The smaller fish died next morning. Oxygen = 3 cc.
C1. The fish lived in this water till 3.20 p.m. on the second

day (55 hours).
Oxygen per litre—

First day 1 p.m. 2 cc.
Second day 10 a.m. 3 cc.
Third day 10 „ 1 to 2 cc.

„ 12 noon 0 cc.

At 11.45 a small fish was introduced and it died at 2.
C2. The fish lived till 6 p.m. on the next day (30 hours).
Oxygen per litre—

First day 1 p.m. 5 cc.
Second day 10 a.m. 0 cc.

At 3.20 on the second day the water from these two beakers
was combined—oxygen = 2 cc. per litre—and a fish from the tank
put in. At 4 o'clock it was almost dead.

Experiment V.—The Wolff's bottle was put up with 2600 cc.
water and the flask B. was charged with water from the last
experiment to the same amount.

Next day at 10 a.m., T. 13° C,—

A. Oxygen = 3 cc. per litre.
B. „ =6 „ „ „

At 11.30 three trout were put in each.
A. At 3 p.m. one fish was dead.

3.30 p.m., oxygen = 2 cc.

At 8-30 p.m. the other two fish were dead.
B. The fish in the flask were well and lively at 4 p.m. on the

third day. Oxygen = 5 cc.
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Experiment VI.—2000 cc. of the water from the bottle were

partly oxygenated and returned to the bottle under nitrogen at 10-50

and three fish introduced. One died during the night, one about

11.30 on the next day, and the last fish, which seemed quite well,

was taken out at 12.30.

Oxygen in ccs. per litre—

At 4 p.m. on first day = 4 cc.

At 10.30 a.m. „ second day = 1 cc.

Conclusions.

These experiments along with those of Hoppe-Seyler and Duncan

seem to show that a fall in the amount of dissolved oxygen in

water to below one-third of the normal amount, 2 ccm. per litre, is

prejudicial and generally fatal to young salmonoids.

When the surface of the deoxygenated water is exposed to an

atmosphere containing oxygen as in Experiment IV., the fish

frequently seem able to live by constantly coming to the thin

layer of more oxygenated water at the surface. Some individuals,

e.g., the largest fish in Experiment III., are able to sustain life

for very prolonged periods in water containing only minimal traces

of dissolved oxygen. Such fish are seen to lie very quietly at

the bottom of the bottle.

(Issued separately May 2, 1902.)
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